INTRODUCTION
Prior to Leg 93 drilling, Glomar Challenger had occupied about 20 sites in the North American Basin of the western North Atlantic Ocean during Legs 1,2, 11, 43, 44, and 76 of the Deep Sea Drilling Project. Five of these sites were drilled on the continental rise: Sites 8, 105, 106, 387, and 388 . In all these sites radiolarians have been reported to be sparse or absent.
During Leg 93, three holes at Site 603 ( Fig. 1) were drilled on the lower continental rise off Cape Hatteras, in the North American Basin. Radiolarian-bearing samples from Site 603 range in age from Cretaceous to Neogene. Cenozoic faunas are discussed in the present paper, and Mesozoic ones in the Site 603 chapter.
The object of this study is to investigate the occurrence of radiolarians at Site 603, and to discuss the Cenozoic radiolarian biostratigraphy of these samples. Two holes, 603 and 603B, yielded Cenozoic radiolarians, but all samples examined from Hole 603C were barren. Neogene faunas were recovered from the samples of the lower part of Hole 603 and the upper part of Hole 603B. Paleogene faunas were found only in cores from Hole 603B. A hiatus between Neogene and Paleogene sequences was also recognized in the radiolarian faunas.
In order to investigate the Paleocene radiolarian assemblage, Paleocene samples from DSDP Site 384 were examined. The age of these samples was previously determined using calcareous nannofossils (Okada and Thierstein, 1979) , which only rarely co-occurred with Cenozoic radiolarians at Site 603.
METHOD OF INVESTIGATION
All samples examined in this study were treated in the following manner: about 5 cm 3 of each sample was placed in a 300 ml beaker in van Hinte, J. E., Wise, S. W., Jr., et al., Init. Repts. DSDP, 93: Washington (U.S. Govt. Printing Office).
2 Address: Institute of Geological Sciences, College of General Education, Osaka University, Toyonaka, Osaka 560, Japan. about 50 ml of 10% H 2 O 2 solution until the effervescence ceased, then a 4% solution of (NaPO 3 ) 6 was added. After 24 hr. the sample was treated in an ultrasonic cleaner for 5-7 s, and then was washed through a 250-mesh (39 µm) sieve. Calcareous components in the residue were dissolved by adding HC1.
In addition to the preceding treatment, indurated Paleogene samples were immersed in a solution of approximately 1-3% HF for 1-20 min. and wet-sieved through the same 39-µm sieve.
The dried materials were examined under a binocular microscope, mounted on an SEM stub using a thin brush, coated with gold, observed, and photographed by using a scanning electron microscope. Strewn slides were also mounted on a 24 × 32 mm cover glass using Entellan New (n = 1.4905), and observed under a transmitted-light microscope.
The estimates of abundance of radiolarians in each sample were made by both binocular and transmitted-light microscopes, the former being used for Paleogene radiolarians and the latter for Neogene radiolarians. Total abundances of radiolarians in each sample are indicated by A (abundant) = >200 specimens; C (common) = 100-200; F (few) = 50-100; R (rare) = 10-50; VR (very rare) = < 10. Preservation is indicated by: G (good) = most specimens are well preserved; M (moderate) = patterns on the surface of specimens are partly unclear; P (poor) = most specimens are corroded or broken. Abundances of each species in a sample are indicated as follows: C = 20-30 specimens; F = 10-20; R = 3-10; and VR = 1-2. A blank indicates that the species was looked for and not found.
BIOSTRATIGRAPHY

Occurrence of Radiolarians
Hole 603: 35°29.66'N: 70°01.70' W; Water Depth 4634 m (Table 1 ) No radiolarians were present in samples from Cores 1 to 24. Samples from 603-24,CC to 603-30-1 contained few radiolarians, with poor to moderate preservation, but no zone-diagnostic species were identified. Sections 603-30-3 through 603-40,CC contained no radiolarians. Sections 603-41-1 to 603-54-1 contained rare to common radiolarian assemblages, with poor to moderate preservation. Samples from and 603-52-1 contained abundant, wellpreserved radiolarians.
Paleogene Radiolarians
Paleogene radiolarians at Hole 603B were subdivided into two assemblages. Sections 603B-15-4 through 603B-17-3 consisted of radiolarian claystone, where moderately to well-preserved radiolarians were recovered by the use of weak HF solution. Sample 603B-17,CC through Section 603B-22-1 contained authigenic zeolite-filled radiolarians, upon which the chemicals had no effect. Specimens of the radiolarian genus Bekoma were found only in these last cores.
Section 603B-15-4 contained Spongodiscus phrix, PseudostaurosphaeraO) sp., Dictyoprora amphora, and Theocotyle{1) ficus. Sample 603B-15,CC to Section 603B-16-6 contained early Eocene radiolarians from the Phormocyrtis striata striata Zone, as characterized by the presence of P. striata striata, Buryella clinata, Podocyrtis papalis, Calocycloma ampulla, Theocotyle(l) ficus, Dictyospyris gigas, Dorcadospyris pentas, and Cerato-spyris articulata. Sample 603B-16,CC through Section 603B-17-3 contained Amphicraspedum murrayanum, Amphymenium splendiarmatum, Phormocyrtis striata striata, B. clinata, and Calocycloma castum. Therefore Sections 603B-15-4 to 6O3B-17-3 were assigned to the P. striata striata Zone of early Eocene age. The early Eocene Buryella clinata Zone was recognized in the interval from Sample 603B-17,CC to Section 6O3B-18-3, as indicated by the cooccurrence of B. clinata and Bekoma bidartensis. These samples also contained Theocotyle cryptocephala cf. nigriniae, P. cubensis, and P. striata exquisita. The last occurrence of P. turgida occurred between Samples 603B-17-3, 120-121 cm and 603B-17,CC. Samples 6O3B-18,CC to 603B-19,CC were assigned to the B. bidartensis Zone by the presence of B. bidartensis, P. turgida, P. striata exquisita, P. cubensis, and T. cryptocephala cf. nigriniae.
Samples from Section 603B-20-1 to 603B-21,CC contained common to rare radiolarians, with poor to moderate preservation. These samples included Bekoma campechensis, Stylosphaera goruna, Hexacontium palaeocenicum, and Phormocyrtis turgida. A new Paleocene Bekoma campechensis radiolarian Zone is tentatively defined here, by the total range of the nominate species. Samples 603B-18,CC to 603B-19,CC were assigned to the B. bidartensis Zone and are late Paleocene to early Eocene in age. Samples from Section 603B-20-1 to 603B-21,CC were assigned to the B. campechensis Zone and are middle to late Paleocene in age. Rare radiolarians were present in samples from Core 22, but no specimens of B. campechensis were present, so these samples were not assigned to the B. campechensis Zone.
RADIOLARIAN ZONATION
The zones used in this report are those of Riedel and Sanfilippo (1970 , 1978 and Foreman (1973) .
Four Paleogene and four Neogene zones were recognized in the samples from two holes at Site 603. These eight zones, in order from the oldest to the youngest, are as follows:
Paleogene
Bekoma campechensis Zone (new zone)
The base of this zone is defined by the first appearance of Bekoma campechensis, which is approximately synchronous with the first occurrence of Stylosphaera goruna. The interval from Section 603B-20-1 through Sample 603B-21,CC belongs to this zone, in which the radiolarian assemblage includes B. campechensis, S. goruna, and their associated species, such as Stylotrochus nitidus, Buryella pentadica, B. tetradica, and Phormocyrtis turgida. This zone was established as an "unnamed zone" by Foreman (1973) , , and Riedel and Sanfilippo (1978) .
In order to investigate the Paleocene radiolarian assemblage of the western North Atlantic Ocean, samples of Paleocene age from Site 384 were examined. The age of these samples had been previously determined using calcareous nannofossils (Okada and Thierstein, 1979) . Abundant to common, remarkably well preserved radiolarians were recovered from 33 samples of Paleocene age at Site 384. Bekoma campechensis, considered one of the most characteristic species of Paleocene sediments, occurs in most of the cores. Therefore, Sections 603B-20-1 through 603B-22-1 are regarded as being Paleocene in age, and the B. campechensis Zone is tentatively established. A more extensive taxonomic and biostratigraphic investigation of Paleocene radiolarians at Site 384 is continuing and will be presented in another publication (Nishimura, unpublished data). Riedel and Sanfilippo (1978) , the boundary between the Buryella clinata and Phormocyrtis striata striata zones is fixed by the earliest morphotypic appearance of Theocorys anaclasta. However, no specimen of T. anaclasta was found in these cores at Site 603.
Bekoma bidartensis
The Phormocyrtis striata striata Zone recognized at Site 603 was subdivided between Section 603B-16-6 and Sample 603B-16,CC, and between Section 603B-15-4 and Sample 603B-15,CC by slight differences in the radiolarian assemblage.
The radiolarian assemblage from Section 603B-16-6 showed a slight change in that specimens of Theocotyle (l)ficus, Ceratospyris articulata and Dorcadospyris pentas appeared and Calocycloma castum disappeared. I have not established a subzone in this report, because it is unknown whether the faunal change was due to environmental or to biostratigraphic effects.
Between Section 603B-15-4 and Sample 603B-15,CC, specimens of Buryella clinata, Phormocyrtis striata striata, and Stylotrochus nitidus disappeared and PseudostaurosphaeraO) sp. appeared. Cita et al. (1970) have reported that Pseudostaurosphaera(?) sp. occurred only in cores of late middle Eocene age from Hole 8A of Deep Sea Drilling Project Leg 2. It may be that Section 603B-15-4 should be assigned a younger age than the Phormocyrtis striata striata Zone; however, the radiolarian assemblage from this core is generally similar to those of the P. striata striata Zone.
Neogene
Calocycletta costata Zone (Riedel and Sanfilippo, 1970)
The base is defined by the earliest morphotypic appearance of Calocycletta costata.
Core 603B-13 was assigned to the C. The base is defined by the earliest morphotypic appearance of Diartus petterssoni.
Cores 603-42-1 through 603-52-1 were assigned to the D. petterssoni Zone by the presence of D. petterssoni, along with specimens of Stichocorys delmontensis, Cyrtocapsella japonica, Larcospira moschkovskii, Didymocyrtis laticonus, Stylodictya validispina, and Druppatractus acquilonius. This zone in Hole 603 was subdivided into three parts on the basis of differences in the radiolarian assemblage mentioned above. 
Didymocyrtis antepenultima Zone (Riedel and Sanfilippo, 1970, emend. Riedel and Sanfilippo 1978)
The base is defined by the evolutionary transition of Diartus hughesi from D. petterssoni.
The Didymocyrtis antepenultima Zone of late Miocene age was recognized only in Sample 603B-4,CC, which contained Diartus hughesi, Stichocorys peregrina, and Cyrtocapsella japonica.
RANGES AND CORRELATION
Eight Cenozoic radiolarian zones were recognized at Site 603. These include four Paleocene to early Eocene zones and four early to late Miocene zones. The ranges of selected radiolarian species are shown in Figures 2 to 4.
In comparison with equatorial or tropical radiolarian assemblages (Foreman, 1973; Riedel and Sanfilippo, 1978) there are differences in the ranges of several species studies in this report. For example, the earliest evolutionary appearance of Theocotyle cryptocephala (?) conica was reported to occur in the Dictyoprora mongolfieri Zone by Foreman (1973) . However, this species at Site 603 had its first appearance in the Phormocyrtis striata striata Zone. The last morphotypic occurrence of T. alpha was reported from the Buryella clinata Zone and those of Lamptonium (?) incohatum and L. (?) colymbus were reported from the Bekoma campechensis Zone by Foreman (1973) , whereas specimens of these species occurred in the Phormocyrtis striata striata Zone at Site 603. Moreover, the earliest evolutionary appearance of Stichocorys peregrina was reported at the base of the S. peregrina Zone by Riedel and Sanfilippo (1978) , but specimens of this species were present in the Diartus petterssoni Zone in both Holes 603 (Table 1 ) and 6O3B ( Table 2) .
The faunal composition and biostratigraphic ranges of radiolarians of Site 603 closely parallel those of nearby Hole 390A (Weaver and Dinkelman, 1978) , drilled on the Blake Plateau during DSDP Leg 44. The same three early Eocene zones found in Hole 603B were also described on the Blake Plateau, and the Neogene stratigraphic succession of Hole 603 closely parallels that of Hole 390A.
Calcareous microfossils were nearly absent in most of the radiolarian-containing samples of Site 603, except for several cores. The biostratigraphic age based upon radiolarians in Neogene sediments differed little from that indicated by foraminifers (Ma'Alouleh and Moullade, this volume) and by calcareous nannofossils (Muza et al., this volume). The "radiolarian middle/late Miocene boundary" of Site 603 corresponds to the lithologic Unit IB/IC boundary (Site 603 chapter, this volume). Paleogene samples from Hole 603B contained few to no calcareous microfossils, so correlation of the radi- given in parentheses. 603B-1.CC; 603B-2.CC: 603B-3.CC; 603B-14-2, 120-122 cm; 603B-14-4, 120-121 cm; 603B-14-6, 120-121 cm (VR, VP); 603B-14.CC (VR, VP); 6O3B-15-2, 120-121 cm. Symbols as in Table 1 .
olarian biostratigraphy to that of other microfossil groups was not possible. The Bekoma campechensis Zone was established in Site 603 sediments based on a comparison to the Paleocene radiolarians in Site 384 (Nishimura, unpublished data). As mentioned above, this zone should be considered to be tentative until Paleocene radiolarians are more widely studied.
SPECIES LIST
The references cited herein are restricted to the original description and some changes in generic name, and those which conform to the concept of the author for the limit of species. Most stratigraphic marker species are illustrated by scanning electron micrographs. In addition, some Neogene species are illustrated by photographs using an optical microscope in order to correspond to the photos by SEM.
The occurrences given here apply only to Site 603.
Acrocubus octopylus Haeckel (Plate 5, Fig. 24)
Acrocubus octopylus Haeckel, 1887, p. 993, pi. 82, fig. 9; Goll, 1972, p. 961, pi. 37 , figs. 1-3. Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone.
Acrosphaera murrayana (Haeckel)
Choenisphaera murrayana Haeckel, 1887, p. 102, pi. 8, fig. 4 . Acrosphaera murrayana (Haeckel) , Strelkov and Reshetnyak, 1971, p. 347 Acrosphaera spinosa (Haeckel) , Johnson and Nigrini, 1980, p. 119, pi. I, fig. 3 . Remarks. The form illustrated herein differs from the original species in the morphology of the radial spines. However, it seems that the Miocene forms possess rather longer radial spines, so that various kinds of specimens are included under this species name.
Occurrence. Diartus petterssoni Zone to Didymocyrtis antepenultima Zone.
Amphicraspedum murrayanum Haeckel
(Plate 1, Figs. 14, 18)
Amphicraspedum murrayanum Haeckel, 1887, p. 523, pi. 44, fig. 10; Sanfilippo and Riedel, 1973, p. 524, pi. 10, figs. 3-6; pi. 28 
Amphicraspedum prolixum Sanfilippo and Riedel
Amphicraspedum prolixum Sanfilippo and Riedel, 1973, p. 524, pi. 10, figs. 7-11; pi. 28, figs. 3, 4. Occurrence. Buryella clinata Zone to Phormocyrtis striata striata Zone.
Amphisphaera minor (Clark and Campbell)
(Plate 1, Fig. 5 )
Stylosphaera minor Clark and Campbell, 1942, p. 27, pi. 5, figs. 1, 2, 12 . Amphisphaera minor (Clark and Campbell) , Sanfilippo and Riedel, 1973, p. 486, pi. 1, figs. 1-5; pi. 22, fig. 4 . Occurrence. Phormocyrtis striata striata Zone and Calocycletta costata Zone to Didymocyrtis antepenultima Zone.
Amphymenium splendiarmatum Clark and Campbell
(Plate 1, Fig. 20 )
Amphymenium splendiarmatum Clark and Campbell, 1942, p. 46, pi. 1, figs. 12, 14; Sanfilippo and Riedel, 1973, p. 524, pi. 11, figs. 6-8; pi. 28, figs. 6-8 . Occurrence. Bekoma bidartensis Zone to Phormocyrtis striata striata Zone. 
Anthocyrtidium ehrenbergii (Stöhr)
Anthocyrtis ehrenbergii Stöhr, 1880, p. 100, pi. 3, figs. 21a, b . Anthocyrtidium ehrenbergii (Stöhr) , Riedel et al., 1974, p. 712, pi. 60, fig. 10 ; pi. 61, fig. 1 . Occurrence. Diartus petterssoni Zone.
Axoprunum pierinae (Clark and Campbell) (Plate 1, Fig. 6 )
Lithatractuspierinae Clark and Campbell, 1942, p. 34, pi. 5, fig. 25 . Axoprunum pierinae (Clark and Campbell) group, Sanfilippo and Riedel, 1973, p. 488, pi. 1, figs. 6-12; pi. 23, fig. 3 . Occurrence. Top of Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Bekoma bidartensis Riedel and Sanfilippo
(Plate 3, Fig. 15 )
Bekoma bidartensis Riedel and Sanfilippo, 1971, p. 1592, pi. 7, figs. 1, 2, 5-7 (not 3, 4); Foreman, 1973, p. 432, pi. 3, figs. 20, 21 . Occurrence. Bekoma bidartensis Zone to Buryella clinata Zone.
Bekoma campechensis Foreman (Plate 3, Fig. 13 )
Bekoma campechensis Foreman, 1973, p. 432, pi. 3, fig. 24 ; pi. 10, figs. 1, 2. Occurrence. Bekoma campechensis Zone.
Bekoma divaricata Foreman (Plate 3, Fig. 14) Bekoma sp. in Riedel and Sanfilippo, 1971, pi. 6, fig. 8 . Bekoma divaricata Foreman, 1973, p. 433, pi. 10, figs. 3, 4. Occurrence. Bekoma campechensis Zone to B. bidartensis Zone.
Botryostrobus bramlettei (Campbell and Clark)
Lithomitra bramlettei Campbell and Clark, 1944a, p. 53, pi. 7, figs. 10-14 . Botryostrobus bramlettei (Campbell and Clark) , Nigrini, 1977, p. 248, pi. 1, figs. 7, 8 . Occurrence. Diartus petterssoni Zone.
Botryostrobus miralestensis (Campbell and Clark) (Plate 5, Fig. 18 )
Dictyocephalus miralestensis Campbell and Clark, 1944a, p. 45, pi. 6, figs. 12-14 . Artostrobium miralestense (Campbell and Clark) , Riedel and Sanfilippo, 1971, p. 1599, pi. 1H, figs. 14-17; pi. 21, figs. 9, 10 . Botryostrobus miralestensis (Campbell and Clark) , Petrushevskaya and Kozlova, 1972, p. 539, pi. 24, fig. 31; Nigrini, 1977, p. 249, pi. 1, fig. 9 . Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone. (Plate 2, Figs. 5, 6) Buryella clinata Foreman, 1973, p. 433, pi. 8, figs. 1-3; pi. 9, fig. 19 . Occurrence. Buryella clinata Zone to Phormocyrtis striata striata Zone.
Buryella clinata Foreman
Buryella pentadica Foreman
(Plate 2, Fig. 9 )
Buryella pentadica Foreman, 1973, p. 433, pi. 8, fig. 8 
Cladococcus cf. pinetum Haeckel
Cladococcus pinetum Haeckel, 1887, p. 226, pi. 27, fig. 1 . Heteracantha dentata Mast, 1910, p. 157 . Anomalacantha dentata (Mast), Nigrini and Moore, 1979, p. S37, pi. 4, fig. 4 . Occurrence. Diartus petterssoni Zone.
Coccolarcus (?) oviformis Clark and Campbell
Coccolarcus (?) oviformis Clark and Campbell, 1945, p. 28, pi. 4, fig. 12 . Occurrence. Phormocyrtis striata striata Zone.
Cornutella sp.
Remarks. The outline of this form is fairly uneven in the lower part of the shell. It seems to be similar to Cornutella californica Campbell and Clark (1944b, p. 22, pi. 7, fig. 42 ) reported from the Upper Cretaceous of central California.
Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone.
Cyrtocapsella cornuta (Haeckel)
(Plate 5, Fig. 6 
Dendrospyris fragoides Sanfilippo and Riedel
Dendrospyris fragoides Sanfilippo and Riedel, 1973, p. 526, pi. 15, figs. 8-13 ; pi. 31, figs. 13, 14. Occurrence. Phormocyrtis striata striata Zone.
Dendrospyris stabilis Goll
Dendrospyris stabilis Goll, 1968 Goll, , p. 1422 . Occurrence. Dorcadospyris alata Zone.
Diartus hughesi (Campbell and Clark) (Plate 6, Fig. 1)
Ommatocampe hughesi Campbell and Clark, 1944a, p. 23, pi. 3, fig. 12 . Ommatartus hughesi (Campbell and Clark) , Riedel and Sanfilippo, 1970, p. 521 . Diartus hughesi (Campbell and Clark) , Riedel, 1980, p. 1010, text- fig. 1 Ommatartus antepenultimus Riedel and Sanfilippo, 1970, p. 521, pi. 14, fig. 4 . Didymocyrtis antepenultima (Riedel and Sanfilippo) , Riedel, 1980, p. 1010, text- fig. 1 fig. 16 . Cannartus mammiferus (Riedel) , Riedel, 1959, p. 291, pi. 1, fig. 4 . Didymocyrtis mammifera (Riedel) , Sanfilippo and Riedel, 1980, p. 1010, text- fig. 1, d . Occurrence. Diartus petterssoni Zone.
Diprocyclas (?) sp. aff. D. davisiana (Ehrenberg)
Cycladophora (?) davisiana Ehrenberg, 1861, p. 297; 1873, pi. 2, fig. 11 . Diprocyclas davisiana (Ehrenberg) , Petrushevskaya, 1975, p. 587 .
Remarks. This form possesses three (?) slender, cylindrical, terminally tapered feet which are extended from the ribs of the abdomen.
Occurrence. Diartus petterssoni Zone. 
Dorcadospyris alata (Riedel)
(
Dorcadospyris platyacantha Ehrenberg
Petalospyris platyacantha Ehrenberg, 1873, p. 247; 1875, pi. 22, fig. 8 . Dorcadospyris platyacantha Ehrenberg, Sanfilippo and Riedel, 1973, p. 528, pi. 17, figs. 11-15; pi. 33, fig. 2 . Occurrence. Bekoma campechensis Zone.
Druppatractus acquilonius Hays
Druppatractus acquilonius Hays, 1970, p. 217, pi. 1, figs. 4, 5; Ling, 1975, p. 717, pi. 1, figs. 17, 18; Nigrini and Lombari, 1984, p fig. 24 . Eucyrtidium punctatum (Ehrenberg) , Sanfilippo et al., 1973, p. 221, pi. 5, figs. 15, 16 . Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone.
Eucyrtidium yatsuoensis Nakaseko
Eucyrtidium yatsuoensis Nakaseko, 1955, p. 110, pi. 10, figs, la, b. Occurrence. Diartus petterssoni Zone.
Giraffospyris toxaria (Haeckel) (Plate 5, Fig. 26 )
Podocoronis (Dipocoronis) toxarium Haeckel, 1877, p. 980, p. 83, fig. 7 . Giraffospyris toxaria (Haeckel) , Goll, 1969, p. 335, pi. 56, figs. 1, 2, 4, 7. Occurrence. Dorcadospyris alata Zone.
Heliodiscus asteriscus Haeckel
Heliodiscus asteriscus Haeckel, 1887, p. 445, pi. 33, fig. 8 .
Occurrence. Upper part of Dorcadospyris alata Zone to Didymocyrtis antepenultima Zone.
Heliodiscus sp.
Remarks. This form is similar to H. asteriscus, but is distinguished from the latter by spines that are markedly shorter or are sometimes absent.
Occurrences. Diartus petterssoni Zone to upper unzoned interval.
Heliodiscus (?) sp.
Remarks. Most forms are broken except for the central part, which consists of two shells, a lenticular outer shell and a subspherical inner shell, which are connected by a number of beams. The pores of the inner shell are larger than those of Heliodiscus sp. It is difficult to identify the genus Heliodiscus when the marginal part is absent.
Occurrence. Diartus petterssoni Zone.
Heliostylus spp.
(Plate 1, Fig. 10) Heliostylus spp. Sanfilippo and Riedel, 1973, pi. 8, figs. 1-7. Occurrence. Bekoma bidartensis Zone to Buryella clinata Zone.
Hexacontium palaeocenicum Sanfilippo and Riedel (Plate 1, Figs. 8, 11)
Hexacontium palaeocenicum Sanfilippo and Riedel, 1973, p. 492, pi. 4, fig. 4 . Occurrence. Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Histiastrum quaternarium Ehrenberg
(Plate 1, Fig. 16 ) Histiastrum quaternarium Ehrenberg, 1875, p. 74, pi. 24, figs. 3, 4. Occurrence. Phormocyrtis striata striata Zone.
Lamprocyclas maritalis Haeckel group
Lamprocyclas maritalis Haeckel, 1887 Haeckel, , p. 1390 . Lamprocyclas maritalis Haeckel group, Nigrini and Lombari, 1984, p. N163, pi. 30, figs, la, b. Occurrence. Calocycletta costata Zone to Didymocyrtis antepenultima Zone.
Lamptonium (?) colymbus Foreman
Lamptonium (?) colymbus Foreman, 1973, p. 435, pi. 6, fig. 2 Riedel and Sanfilippo, 1970, p. 523, pi. 5, fig. 7 . Lamptonium fabaeforme (?) constrictum Riedel and Sanfilippo, Foreman, 1973, p. 436, pi. 6, figs. 13, 14 . Occurrence. Phormocyrtis striata striata Zone.
Lamptonium (?) fabaeforme fabaeforme (Krasheninnikov) (Plate 2, Fig. 20) (t)Cyrtocalpis fabaeforme Krasheninnikov, 1960, p. 296, pi. 3, fig. 11 . Lamptonium (?) fabaeforme fabaeforme (Krasheninnikov) (?), Riedel and Sanfilippo, 1970, p. 523, pi. 5, fig. 6 . Occurrence. Phormocyrtis striata striata Zone.
Lamptonium (?) incohatum Foreman (Plate 2, Fig. 24 ) Foreman, 1973, p. 436, pi. 6, fig. 1 ; pi. 11, fig. 18 . Occurrence. Lower part of Phormocyrtis striata striata Zone. Foreman, 1973, p. 436, pi. 6, figs. 3-5; pi. 11, fig. 13 . Occurrence. Top of Bekoma campechensis Zone to B. bidartensis Zone.
Lamptonium pennatum Foreman
Lamptoniumpennatum
Larcospira moschkovskii Kruglikova
(Plate 6, Fig. 17 )
Larcospira moschkovskii Kruglikova, 1978, p. 88, pi. 27, figs. 3-6; Nigrini and Lombari, 1984, p. S91, pi. 13, figs. 2a, b. Occurrence. Diartus petterssoni Zone.
Liriospyris elevata Goll (Plate 5, Fig. 23 )
Liriospyris elevata Goll, 1968 Goll, , p. 1426 . text- fig. 9 . Occurrence. Middle part of Dorcadospyris alata Zone to Diartus petterssoni Zone.
Lithapium (?) cf. plegmacantha Sanfilippo and Riedel
Lithapium plegmacantha Sanfilippo and Riedel, 1973, p. 516, pi. 3, figs. 1, 2; pi. 24, figs. 8, 9 . Occurrence. Lower part of Phormocyrtis striata striata Zone.
Lithelius sp.
Remarks. This form is similar to L. foremanae Sanfilippo and Riedel, 1973, p. 522, pi. 7, figs. 1-6; pi. 26, figs. 4, 5. It differs from the latter in that radial spines are thorny and scarcely extend outward.
Occurrence. Phormocyrtis striata striata Zone.
Lithochytris archaea Riedel and Sanfilippo (Plate 3, Fig. 9 )
Lithochytris archaea Riedel and Sanfilippo, 1970, pi. 9, fig. 8; , p. 1594 Foreman, 1973, p. 436, pi. 2, figs. 4, 5. Occurrence. Phormocyrtis striata striata Zone.
Lithochytris tripodium Ehrenberg (Plate 3, Fig. 10 )
Lithochytris tripodium Ehrenberg, 1875, p. 76, pi. 4, fig. 11 . Occurrence. Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Lithopera bacca Ehrenberg
Lithopera bacca Ehrenberg, 1872a, p. 314; 1872b, p. 297, pi. 8, fig. 1 ; Nigrini, 1967, p. 54, pi. 6, fig. 2 . Occurrence. Diartus petterssoni Zone.
Lithopera baueri Sanfilippo and Riedel
Lithopera baueri Sanfilippo and Riedel, 1970, p. 455 Fig. 18 )
Lithopera neotera Riedel and Sanfilippo, 1971, p. 1594, pi . IF, figs. 14-15; pi. 2E, fig. 19 . Occurrence. Middle part of Dorcadospyris alata Zone to base of Diartus petterssoni Zone.
Lithopera thornburgi Sanfilippo and Riedel
Lithopera thornburgi Sanfilippo and Riedel, 1970, p. 455 Occurrence. Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Lychnocanium pyriforme Haeckel
(Plate 3, Fig. 7 )
Lychnocanium pyriforme Haeckel, 1887 Haeckel, , p. 1225 fig. 11 . Occurrence. Phormocyrtis striata striata Zone.
Lychnocanoma auxilla Foreman
Lychnocanoma auxilla Foreman, 1973, p. 437, pi. 2, fig. 6 Dictyophimus babylonis Clark and Campbell, 1942, p. 67, pi. 9, figs. 32, 36 . Sethochytris babylonis (Clark and Campbell) group, Riedel and Sanfilippo, 1970, p. 528, pi. 9 , figs. 1-3. Lychnocanoma babylonis (Clark and Campbell) group, Foreman, 1973, p. 437, pi. 2, fig. 1 . Remarks. This species differs from Lychnocanoma babylonis in that the apical horn and three terminal feet are three-bladed.
Occurrence. Upper part of Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Lychnocanoma bellum (Clark and Campbell)
(Plate 3, Fig. 8 )
Lychnocanium bellum Clark and Campbell, 1942, p. 72, pi. 9, figs. 35, 39 . Lychnocanoma bellum (Clark and Campbell) , Foreman, 1973, p. 437, pi. 1, fig. 17 ; pi. 11, fig. 9 . Occurrence. Phormocyrtis striata striata Zone.
Lychnocanoma cf. grande (Campbell and Clark)
Lychnocanium grande Campbell and Clark, 1944a, p. 42, pi. 6, figs. 3-6 . Lychnocanoma grande (Campbell and Clark) , Kling, 1973, p. 637, pi. 10, figs. 10-14. Occurrence. Middle part of Diartus petterssoni Zone to upper unzoned interval.
Lychnodictyum audax Riedel
Lychnodictyum audax Riedel, 1953, p. 810, pi. 85, fig. 9 .
Orbula cf. comitata Foreman
Orbula comitata Foreman, 1973, p. 437, pi. 3, fig. 11; pi. 10, figs. 7, 8 . Occurrence. Lower part of Phormocyrtis striata striata Zone.
Otosphaera auriculata Haeckel group
Otosphaera auriculata Haeckel, 1887, p. 116, pi. 7, fig. 5 . Otosphaera auriculata Haeckel group, Ling, 1975, p. 717, pi. 1, figs. 5, 6 . Remarks. Forms with two to three spines are included under the name of this species. One of them is similar to Otosphaera annikae Petrushevskaya and Kozlova (1972, pi. 9, fig. 1 ), who have reported that this species is characteristic of the early Dorcadospyris alata Zone; however, at Site 603 it appeared in the Diartus petterssoni to Didymocyrtis antepenultima zones.
Phormocyrtis cubensis (Riedel and Sanfilippo)
(Plate 2, Fig. 14) Eucyrtidium cubensis Riedel and Sanfilippo, 1971, p. 1594, pi. 7, figs. 10, 11 . Phormocyrtis cubensis (Riedel and Sanfilippo), Foreman, 1973, p. 438, pi. 7, figs. 11, 12, 14. Occurrence. Top of Bekoma campechensis Zone to Buryella clinata Zone.
Phormocyrtis striata exquisita (Kozlova)
(Plate 2, Fig. 13 )
Podocyrtis exquisita Kozlova, Kozlova and Gorbovetz, 1966, p. 106, pi. 17, fig. 2 . Phormocyrtis striata exquisita (Kozlova) , Foreman, 1973, p. 438, pi. 7, figs. 1-4, 7, 8; pi. 12, fig. 5 . Occurrence. Bekoma campechensis Zone to Buryella clinata Zone.
Phormocyrtis striata striata Brandt (Plate 2, Figs. 10, 11)
Phormocyrtis striata Brandt, Riedel and Sanfilippo, 1970, p. 532, pi. 10, fig. 7 . Phormocyrtis striata striata Brandt, Foreman, 1973, p. 438, pi. 7, figs. 5, 6, 9 . Occurrence. Top of Buryella clinata Zone to Phormocyrtis striata striata Zone.
Phormocyrtis turgida (Krasheninnikov)
(Plate 2, Fig. 12 )
Lithocampe turgida Krasheninnikov, 1960, p. 301, pi. 3, fig. 17 . Phormocyrtis turgida (Krasheninnikov), Foreman, 1973, p. 438, pi. 7, fig. 10; pi. 12, fig. 6 . Occurrence. Bekoma campechensis Zone to Buryella clinata Zone.
Phormostichoartus corbula (Halting)
Lithocampe corbula Harting, 1863, p. 12, pi. 1, fig. 21 . Phormostichoartus corbula (Harting) , Nigrini, 1977, p. 252, pi. 1, fig. 10 . Occurrence. Dorcadospyris alata Zone.
Phorticium pylonium Haeckel
Phorticium pylonium Haeckel, 1887, p. 709, pi. 49, fig. 10; Nigrini and Lombari, 1984, p. S85, pi. 12, figs. 2a, b. Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone.
Podocyrtis papalis Ehrenberg (Plate 2, Fig. 17 )
Podocyrtis papalis Ehrenberg, 1847b, fig. 2; 1854, pi. 36, fig. 23; 1873, p. 251; Riedel and Sanfilippo, 1970, p. 533, pi. 11, fig. 1; Sanfilippo and Riedel, 1973, p. 531, pi. 20, figs. 11-14; pi. 36, figs. 2, 3 . Occurrence. Bekoma bidartensis Zone to Buryella clinata Zone.
Podocyrtis sinuosa Ehrenberg (Plate 2, Fig. 18) (?.)Podocyrtis sinuosa Ehrenberg, 1873, p. 253; 1875, pi. 15, fig. 5 . Podocyrtis (Lampterium) sinuosa Ehrenberg, Riedel and Sanfilippo, 1970, p. 534, pi. 11, figs. 3, 4; Sanfilippo and Riedel, 1973, p. 532, pi. 21, figs. 4, 5. Occurrence. Phormocyrtis striata striata Zone.
Prunopyle titan Campbell and Clark (Plate 4, Fig. 6) Prunopyle titan Campbell and Clark, 1944a, p. 20, pi. 3, figs. 1-3. Remarks. This species was described from the Miocene samples of California by Campbell and Clark (1944a) ; in the Antarctic sea it has been reported in Pliocene samples by Hays (1965) and Chen (1975) .
Occurrence. Middle part of Dorcadospyris alata Zone to Diartus petterssoni Zone.
Pseudostaurosphaera (?) sp.
(Plate 1, Fig. 7) (l)Pseudostaurosphaera sp., Cita, Nigrini and Gartner, 1970, p. 401, pi. 1, fig. A. Remarks. It has been reported that this species had a very restricted range and was found in an upper middle Eocene sample from Hole 8A during Leg 2. This specimen appeared in a sample from the Phormocyrtis striata striata Zone of late early Eocene age at Site 603.
Pterocanium trilobum (Haeckel)
Dictyopodium trilobum Haeckel, 1860, p. 839 . Pterocanium trilobum (Haeckel) , Nigrini and Moore, 1979, p. N45, pi. 23, figs, la-c; Nigrini and Lombari, 1984, p. N127, pi. 25, fig. 3 . Occurrence. Diartus petterssoni Zone.
Rhopalastrum angulatum (Ehrenberg) (Plate 4, Fig. 7 )
Dictyastrum angulatum Ehrenberg, 1872a, p. 306; 1872b, pi. 8, fig. 18 . Rhopalastrum angulatum (Ehrenberg) group, Petrushevskaya and Kozlova, 1972, p. 529, pi. 17, figs. 7, 8 . Occurrence. Middle part of Dorcadospyris alata Zone to Diartus petterssoni Zone.
Rhopalocanium sp. aff. R, ornatum Ehrenberg (Plate 3, Fig. 12 )
Rhopalocanium ornatum Ehrenberg, 1847b, fig. 3; 1854, pi. 36, fig. 9 . Occurrence. Phormocyrtis striata striata Zone.
Siphostichartus corona (Haeckel) (Plate 5, Fig. 19 ) Haeckel, 1887 Haeckel, , p. 1426 . Siphostichartus corona (Haeckel) , Nigrini, 1977, p. 257, pi. 2, figs. 5-7. Occurrence. Diartus petterssoni Zone.
Spongatractus balbis Sanfilippo and Riedel
(Plate 1, Fig. 4) Spongatractus balbis Sanfilippo and Riedel, 1973, p. 518, pi. 2, figs. 1-3; pi. 25, figs. 1,2. Occurrence. Phormocyrtis striata striata Zone.
Spongodiscus americanus Kozlova (Plate 1, Fig. 15 )
Spongodiscus americanus Kozlova, Kozlova and Gorbovetz, 1966, p. 88, pi. 14, figs. 1, 2; Sanfilippo and Riedel, 1973, p. 524, pi. 11, figs. 9-13; pi. 27, fig. 11; pi. 28, fig. 9 . Occurrence. Bekoma campechensis Zone to Buryella clinata Zone.
Spongodiscus cruciferus Clark and Campbell
Spongodiscus cruciferus Clark and Campbell, 1942, p. 50, pi. 1, figs. 1-6, 8, 10, 11, 16, 18; Sanfilippo and Riedel, 1973, p. 524, pi. 11, figs. 14-17; pi. 28, figs. 10, 11 . Occurrence. Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Spongodiscus phrix Sanfilippo and Riedel
(Plate 1, Fig. 13 )
Spongodiscus phrix Sanfilippo and Riedel, 1973, p. 525, pi. 12 Petrushevskaya, 1975, p. 574, pi. 5, fig. 11, pi. 36, figs. 1-4. Remarks. This form is distinguished from S. osculosus by having a girdle on the margin.
Occurrence. Middle part of Dorcadospyris alata Zone to Didymocyrtis antepenultima Zone. Sanfilippo and Riedel, 1973, p. 525, pi. 12, figs. 8-10; pi. 29, fig. 7 . Occurrence. Phormocyrtis striata striata Zone.
Spongodiscus quartus bosoculus Sanfilippo and Riedel
Spongodiscus quartus bosoculus
Spongodiscus pulcher Clark and Campbell
Spongodiscus pulcher Clark and Campbell, 1945, p. 26, pi. 4, fig. 5; Sanfilippo and Riedel, 1973, p. 525, pi. 12, figs. 3-5; pi. 29, figs. 4, 5. Occurrence. Bekoma campechensis Zone to Buryella clinata Zone.
Spongodiscus rhabdostylus (Ehrenberg)
Spongosphaera rhabdostyla Ehrenberg, 1873, p. 256; 1875, pi. 26 
Spongomelissa adunca Sanfilippo and Riedel
Spongomelissa adunca Sanfilippo and Riedel, 1973, p. 529, pi. 19, figs. 3, 4; pi. 34, figs. 1-6. Occurrence. Buryella clinata Zone.
Spongurus (?) spp.
(Plate 1, Fig. 17) Remarks. There are at least two kinds of forms under this name. One of them is similar to the illustration which was shown by Sanfilippo and Riedel, 1973, pi. 27, fig. 10 . Eucyrtidium delmontense Campbell and Clark, 1944a, p. 56, pi. 7, figs. 19, 20 . Stichocorys delmontensis (Campbell and Clark) , Sanfilippo and Riedel, 1970, p. 451, pi. 1, fig. 9 . Occurrence. Calocycletta costata Zone to Didymocyrtis antepenultima Zone.
Stichocorys peregrina (Riedel)
( Plate 5, Figs. 8, 9) Eucyrtidium elongatum peregrinum Riedel, 1953, p. 812, pi. 85, fig. 2 . Stichocorys peregrina (Riedel) , Sanfilippo and Riedel, 1970, p. 451, pi. 1, fig. 10 . Haeckel (Plate 5, Figs. 7, 12) Stichocorys wolffii Haeckel, 1887 Haeckel, , p. 1479 Riedel, 1957, pp. 92-93, pi. 4, figs. 6, 7. Occurrence. Calocycletta costata Zone to Diartus petterssoni Zone.
Occurrence. Diartus petterssoni Zone to Didymocyrtis antepenultima Zone.
Stichocorys wolffii
Stichocorys sp.
Remarks. This form is quite slender and cylindrical in shell outline.
Occurrence. Calocycletta costata Zone to Diartus petterssoni Zone.
Stylatractus sp. aff. S. neptunus Haeckel
Stylatractus neptunus Haeckel, 1887, p. 328, pi. 17, fig. 6 . Occurrence. Middle part of Dorcadospyris alata Zone to Didymocyrtis antepenultima Zone.
Stylochlamidium asteriscus Haeckel
Stylochlamidium asteriscus Haeckel, 1887, p. 514, pi. 41, fig. 10; Nigrini and Lombari, 1984, p. S75, pi. 10, fig. 4 . Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone.
Stylodictya validispina Jrfrgensen
Stylodictya validispina Jdrgensen, 1905, p. 119, pi. 10, fig. 40; Petrushevskaya, 1967, p. 33, fig. 17, IV-V; Nigrini and Lombari, 1984 Stylosphaera coronata Ehrenberg, 1873, p. 258; 1875, pi. 25, fig. 4 . Stylosphaera coronata coronata Ehrenberg, Sanfilippo and Riedel, 1973, p. 520, pi. 1, figs. 13-17; pi. 25, fig. 4 . Occurrence. Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Stylosphaera coronata sabaca Sanfilippo and Riedel
Stylosphaera coronata sabaca Sanfilippo and Riedel, 1973, p. 521, pi. 1, fig. 18; pi. 25, figs. 7, 8 . Occurrence. Phormocyrtis striata striata Zone.
Stylosphaera goruna Sanfilippo and Riedel (Plate 1, Fig. 3 )
Stylosphaera goruna Sanfilippo and Riedel, 1973, p. 521, pi. 1, figs. 20, 21; pi. 25, figs. 9, 10 . Remarks. This species is similar to Stylosphaera spinulosa Ehrenberg (1875, pi. 25, fig. 8 ) and Druppatractus cf. coronatus (Squinabol) by Dumitricà (1973, pi. 6, figs. 4, 6; pi. 12, fig. 1 ). It is assigned to S. goruna, however, as there is a possibility that all these three species may be a single species. Further study is necessary to resolve this taxonomic problem.
Occurrence. Bekoma campechensis Zone to base of B. bidartensis Zone.
Stylosphaera cf. santaeannae Campbell and Clark
(Plate 4, Fig. 3 )
Stylosphaera santaeannae Campbell and Clark, 1944a, p. 19, pi. 2, figs. 20-22 . Occurrence. Calocycletta costata Zone to Didymocyrtis antepenultima Zone.
Stylotrochus nitidus Sanfilippo and Riedel
(Plate 1, Fig. 12) Stylotrochus nitidus Sanfilippo and Riedel, 1973, p. 525, pi. 13, figs. 9-14; pi. 30, figs. 7-10 . Occurrence. Bekoma campechensis Zone to Phormocyrtis striata striata Zone.
Thecosphaera larnacium Sanfilippo and Riedel
Thecosphaera larnacium Sanfilippo and Riedel, 1973, p. 521, pi. 3, figs. 4-6; pi. 25, figs. 13, 14 . Occurrence. Phormocyrtis striata striata Zone.
Theocotyle auctor Foreman
Theocotyle (Theocotylissa) auctor Foreman, 1973, p. 441, pi. 4, figs. 8-10 ; pi. 12, fig. 13 . Occurrence. Bekoma bidartensis Zone to base of Phormocyrtis striata striata Zone.
Theocotyle alpha Foreman
(Plate 2, Fig. 16 ) Theocotyle (Theocotylissa) alpha Foreman, 1973, p. 441, pi. 4, figs. 13-15; pi. 12, fig. 16 . Occurrence. Phormocyrtis striata striata Zone.
Theocotyle cryptocephala (?) conica Foreman (Plate 2, Fig. 22 )
Theocotyle cryptocephala (?) conica Foreman, 1973, p. 440, pi. 4, fig. 11 . Occurrence. Phormocyrtis striata striata Zone.
Theocotyle cryptocephala cf. nigriniae Riedel and Sanfilippo (Plate 2, Fig. 15 )
Theocotyle cryptocephala nigriniae Riedel and Sanfilippo, 1970, p. 525, pi. 6, figs. 5, 6; Foreman, 1973, p. 440, pi. 4, figs. 1-5;  pi. 12, fig. 17 . Remarks. This species is distinguished from Theocotyle cryptocephala nigriniae by irregularly well developed ribs and small pores on the abdomen.
Occurrence. Bekoma bidartensis Zone to Phormocyrtis striata striata Zone.
Theocotyle (?) ficus (Ehrenberg)
(Plate 2, Fig. 23 )
Eucyrtidium ficus Ehrenberg, 1873, p. 228; 1875, pi. 11, fig. 19 . Theocotyle (?) ficus (Ehrenberg), Riedel and Sanfilippo, 1970, p. 525, pi. 7, figs. 3-5; Foreman, 1973, p. 441, pi. 4, figs. 16-20 . Occurrence. Phormocyrtis striata striata Zone.
Tholospyris sp. aff. T. infericosta Goll (Plate 5, Fig. 21 )
Tholospyris infericosta Goll, 1969, p. 326, pi. 55, figs. 7, 10-12. Remarks. This species is similar to form T4 illustrated by Goll (1969, p. 323, text- fig. 1 ).
Tholospyris kantiana (Haeckel) (Plate 5, Fig. 25 )
Tricolospyris kantiana Haeckel, 1887 Haeckel, , p. 1098 . Tholospyris kantiana (Haeckel) , Goll, 1969, p. 327, pi. 58, figs. 17-19, 23, text- fig. 1 . Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone.
Tricolospyris leibnitziana Haeckel (Plate 5, Fig. 22 )
Tricolospyris leibnitziana Haeckel, 1887 Haeckel, , p. 1098 fig. 9 ; Goll, 1972, p. 969, pi. 84, figs. 1-4; pi. 85, figs. 1-3. Occurrence. Diartus petterssoni Zone.
Thyrsocyrtis hirsuta hirsuta (Krasheninnikov)
Podocyrtis hirsuta Krasheninnikov, 1960, p. 300, pi. 3, fig. 16 .
Thyrsocyrtis hirsuta hirsuta (Krasheninnikov) Riedel and Sanfilippo, 1970, p. 526, pi. 7, fig. 9; Foreman, 1973, p. 441, pi. 3, figs. 3-8; pi. 12, fig. 15 . Occurrence. Phormocyrtis striata striata Zone.
Xiphospira cf. circularis (Clark and Campbell)
Porodiscus circularis Clark and Campbell, 1942, p. 42, pi. 2, figs. 2, 6, 10 . Xiphospira circularis (Clark and Campbell) , Sanfilippo and Riedel, 1973, p. 526, pi. 14, figs. 5-12; pi. 31, figs. 4-7. Occurrence. Bekoma campechensis Zone to Bekoma bidartensis Zone.
Zygocircus productus (Hertwig) Lithocircus productus Hertwig, 1879, p. 69, pi. 7, fig. 4 . Zygocircus productus (Hertwig) , Bütschli, 1882, p. 496. Occurrence. Dorcadospyris alata Zone to Diartus petterssoni Zone.
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